Abstract OBJECTIVES: Our goals were (i) to identify the incidence and risk factors of postoperative urinary retention in minor thoracic surgery patients and (ii) to develop a scoring system to predict postoperative urinary retention in these patients.
INTRODUCTION
Postoperative urinary retention (POUR) is defined as an acute urinary retention following an operation, and is a frequently encountered postoperative complication [1] [2] [3] . The incidence rate of POUR has been reported with much variability to be from 5 to 70%. This wide range has been attributed to differences in patient populations, its multifactorial aetiology and the lack of uniform defining criteria [1] . The diagnosis of POUR has clinical implications such as delayed discharge, potential risk of systemic infection from urinary catheterization and possible long-term bladder dysfunction [4] [5] [6] . Although the relation between POUR and various surgical procedures such as vascular, gynaecological, colorectal, orthopaedic surgery has been reported [2, 3, [7] [8] [9] , little is known about POUR following thoracic surgery.
With recent advances in the field of thoracic surgery, the awareness and identification of patients at risk of developing POUR assumes greater significance. Specifically, it can impact minor thoracic surgery including fast-track and minimally invasive surgical procedures, whose advantages can be mitigated by prolonged hospital stays and the eventual economic burden resulting from POUR. However, because there is currently no clear consensus for the detection and optimal management of POUR, a large number of thoracic surgery patients still suffer adverse outcomes related to POUR. Ideally to manage these patients, special attention to POUR is required along with the application of a commonly accepted system that can identify patients at high risk for the development of POUR.
The aims of this study were two-fold: (i) to identify the incidence and risk factors of POUR in minor thoracic surgery patients and (ii) to develop a scoring system to predict POUR in these patients.
MATERIALS AND METHODS

Strategy to avoid urological complications
In 2010, we began to observe an increase in the occurrence of the adverse outcomes related to POUR in our thoracic surgery population. After consultation with one of our urology colleagues (Han Jung), we adopted a strict protocol for the prevention of these adverse outcomes (Fig. 1) . According to the protocol, patients were routinely given intravenous fluid (10 ml/h) from the midnight before operation. On the day of operation, all patients were made to urinate immediately before they were brought into the operation room to minimize the interval between the last preoperative voiding and surgery. During the induction of general anaesthesia, indwelling urinary catheters were inserted only in the patients with operation time exceeding 3 h or who required meticulous monitoring of the intraoperative fluid status. In case of patients in whom an indwelling urinary catheter was not inserted intraoperatively, they were encouraged to ambulate early and urinate in a toilet whether they felt desire to micturate or not after the operation (within a period not exceeding 6 h from the time of preoperative voiding). If they were not able to void at all, in-and-out urinary catheterization was performed. Also in cases where the patient felt discomfort or residual urine (RU) sensation after voiding, RU was measured by catheterization. If the post-void RU volume was greater than 200 ml, the same assessments and procedures were repeated to prevent bladder overdistension at intervals of 4 h until the patients were able to void comfortably with the RU volume less than 200 ml, or after 4 failed attempts an indwelling urinary catheter was placed.
Definition of POUR
The definition of POUR remains unclear in the literature. In the present study, POUR was arbitrarily defined as an inability to void or a post-void RU volume greater than 200 ml, measured with in-and-out urinary catheterization, in the patients who felt discomfort or RU sensation after voiding 4-6 h after preoperative voiding (Fig. 1) .
Patients
From June 2010 to April 2013, a total of 489 patients underwent elective thoracic surgery under general anaesthesia by a single surgeon at Gachon University Gil Hospital. Of these 489 patients, 196 patients in whom an indwelling urinary catheter was inserted before or during operation were excluded. Of the remaining 293 patients, we excluded 1 patient whose post-void RU was not able to be measured because of pre-existing anuria with continuous ambulatory peritoneal dialysis. Finally, 292 patients were enrolled in this retrospective study. No patients had epidural analgesia perioperatively for pain control, instead intravenous patientcontrolled analgesia was used in 246 patients (84%, 246/292). Video-assisted thoracoscopic surgery (VATS) was performed in 223 patients (76%, 223/292), whereas 69 patients (24%, 69/292) underwent open procedures. Table 1 summarizes the details about the types of surgery. For risk analysis, the data were collected from medical records retrospectively (Table 2 ). Past medical histories and medications used perioperatively were investigated. Regarding fluid balance during anaesthesia, we adopted only the amount of fluid intake, because the amount of blood loss was negligible or not checked in most cases, and urine output was not able to be measured due to the absence of a urinary catheter. This study was approved by the Gachon University Gil Hospital Institutional Review Board.
Statistical analysis
Statistical analysis was done using the standard statistics software (SAS, version 9.3; SAS Institute, Cary, NC, USA). The χ 2 test and Fisher's exact test were used to compare categorical variables, and Student's t-test was used to compare the means of continuous variables. All the significant variables in univariable analyses were put into the multivariable model after considering co-linearity. To reduce the model, we performed variable selection using a stepwise method with the significance level of 0.1 for entering into the [10] . Only reliable (bootstrap frequency >50% in 1000 simulated samples) predictors were used to construct the final aggregate score to predict POUR. Internal validation of the model was assessed by bootstrapping. Optimism-corrected C-index was estimated using 200 bootstrap samples. Finally, the scoring system to predict POUR was developed by proportional weighting of the significant and reliable predictor estimates. A P-value of less than 0.05 was considered statistically significant.
RESULTS
In our cohort, 34 patients (11.6%, 34/292) met our criteria for POUR. In most cases (94%, 32/34), it was detected after lung resection ( Table 1) . As shown in Fig. 2 , the incidence of POUR tended to increase with increasing age and rose sharply in the patients who were 40 years or older. Therefore, the age of 40 years was used to categorize the age variable in the risk analysis when determining the predictors of POUR. Of 34 POUR patients, 5 patients eventually underwent indwelling urinary catheterization after 4 failed attempts using in-and-out urinary catheters, each for an average of 8 days (range 2-18 days). One of these patients was subsequently treated for a urinary tract infection. The mean hospital stay was longer for patients with POUR than for those without POUR, though it did not reach statistical significance (10 ± 5 vs 7 ± 4 days, P = 0.286).
Predictors of POUR following minor thoracic surgery
Risk analysis was performed to determine the predictors of POUR following minor thoracic surgery. Univariable analysis revealed that old age, male gender, history of diabetes mellitus (DM), elevated preoperative and postoperative blood urea nitrogen, glycosuria in the preoperative urine analysis, lung resection, chest tube insertion and the use of patient controlled analgesia, non-steroidal antiinflammatory drugs (NSAIDs) and ephedrine hydrochloride were significantly associated with POUR ( Table 3 .
Scoring system to predict the risk of POUR A scoring system for POUR was established using weighting factors that were based on relative size of the regression coefficient of each variable. The points of individual factors were the following: male gender and history of DM, one point, and age over age 40 and candidates for lung resection, two points. To obtain a cumulative score, the individual points were summed for each factor to obtain a score from 0 to 6. Factors were then grouped into two risk classes according to their aggregate scores (cut-off value = five points with 73% sensitivity and 90% specificity), which were significantly associated with an incremental risk of POUR. A cut-off level was established using the point closest to the top-left part of the receiver operating characteristic (ROC) curve (Fig. 3) . Patients in Class A (score ≤4) had a 3.7% risk of POUR, whereas patients in Class B (score ≥5) had a 49% risk of POUR (P < 0.001; Table 4 ). The apparent C-index was 0.88 and the optimism-corrected C-index was 0.87.
DISCUSSION
Currently, there are no or limited data on how many patients are diagnosed with POUR following thoracic surgery and which factors influence the development of POUR in these patients. Most previous studies evaluated POUR in heterogeneous groups that included patients who underwent various types of surgeries and anaesthesia. In those studies, the number of thoracic surgery patients was too small to determine the incidence and the risk factors of POUR [11] [12] [13] [14] [15] . Our cohort is large (n = 292) and composed only of patients who underwent relatively minor thoracic surgery. In addition, our population was not biased by conduction blockade, such as spinal/epidural anaesthesia or analgesia, which is known to have a significant influence on the development of POUR [13] [14] [15] . Thus, in conjunction with the use of a strict protocol to detect and define POUR, the present study has the potential to contribute important information about the incidence and predictors of POUR in the field of thoracic surgery. Stepwise logistic regressing analyses using the bootstrap resampling technique were applied to reduce the model. Only reliable predictors (i.e. bootstrap frequency >50% in 1000 simulated samples) were used to construct a reduced model. 
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In our protocol shown in Fig. 1 , POUR was defined as an inability to void or a post-void RU volume greater than 200 ml, when measured 4-6 h after preoperative voiding. The duration of POUR that can lead to persistent bladder dysfunction is not clear at this time. Some studies showed that, although normal bladder capacity ranges between 400 and 600 ml [11, 16] , a transient filling volume between 500 and 1000 ml is not harmful if diagnosed and treated early within 1-2 h [16, 17] . On the other hand, an animal study showed that bladder overdistension for periods between 4 and 24 h reduced the bladder's ability to contract due to ischaemia, and can lead to persistent bladder dysfunction [6] . These results suggest that early catheterization decreases the incidence of long-term voiding dysfunction [6] . Based on the results of these studies, we adopted the aforementioned protocol in which the assessment of POUR is performed 4-6 h after preoperative voiding. Under this protocol, patients had enough time to void after surgery, because the mean operation time in our cohort was just about an hour (75 min in the POUR group and 70 min in the NO POUR group; Table 3 ). In terms of the clinically meaningful amount of POUR, many previous studies adopted the criteria of 500-600 ml of bladder volume or RU [2, 3, 7, 8, 11, 12] . However, in the present study, we focused on the voiding function, which is of greater clinical importance, than focusing on bladder volume alone. It is known that the patients with normal bladder function can empty their bladder even without a desire for micturition, if they are asked to. Thus, 'post-void' RU, the amount of RU in the bladder after a voluntary voiding, can be a useful screening test for evaluating bladder dysfunction. Although threshold values delineating what constitutes an abnormal post-void RU are poorly defined, most urologists agree that volumes of 50-100 ml in an adult, and 150 ml in old age, constitute the threshold for abnormal post-void RU volume [16] . In these respects, we adopted a post-void RU volume greater than 200 ml as the clinically meaningful amount of POUR.
In the present study, we found that the incidence of POUR tended to increase with increasing age. This finding is supported by another study where old age (>50 years) was determined to be an independent risk factor of POUR [12] . It has also been shown that older age tends to be associated with many types of bladder dysfunction such as decreased capacity, urinary flow rate and increased post-void RU volume. This can possibly be explained by age-related progressive degeneration of the nervous system [18] . It seems that such a predisposition in these patients may promote the development of POUR. Another consideration is the differences in the rates of POUR in male and female patients. In agreement with our findings, Tammela et al. [19] have reported a higher incidence of POUR in male patients compared with females. The differences in the anatomy of urinary outflow track between male and female may contribute to this finding. Furthermore, diagnosed or undiagnosed benign prostatic hypertrophy, which is gender-specific, could be a contributing cause of POUR in male patients [19] . In the present study, the risk of developing POUR was increased if the patients had coexisting DM. In a study covering several types of surgical procedures, Dreijer et al. [3] also found that diabetes was an independent risk factor for developing POUR. It is well known that diabetes predisposes patients to the development of urinary problems caused by diabetic neuropathy, which can affect all types of nerve fibres including those that innervate the bladder [20, 21] .
It seems somewhat intuitive that old male patients having DM would have a higher likelihood of POUR. However, in the present study, we also found that lung resection increased the incidence of POUR. On reviewing the published data, there has been no study showing the causal relationship between lung resection and POUR. One of the most notable differences between lung resection and other thoracic procedures is the proportion of the patients to whom chest tubes were inserted at the completion of the procedure. For example, in the present study, while all patients undergoing lung resection had chest tubes, none were inserted into any patients undergoing sympathicotomy. It is natural that the patients to whom chest tubes were inserted feel more pain in the postoperative period than those without chest tubes. It is well known that postoperative pain activates the sympathetic pathways resulting in the relaxation of the detrusor and inhibiting relaxation of the internal urethral sphincter, and eventually leads to POUR [7, 8] . In agreement with this hypothesis, in our cohort, we found a positive correlation between chest tube insertion and the use of NSAIDs. The proportion of the patients who required NSAIDs was significantly higher in those with chest tubes than in those without (55.8 vs 22.0%, P < 0.001, data not shown). Considering this fact, it seems more reasonable to relate a high incidence of POUR in the lung resection group to increased pain, rather than to deduce that the procedure itself might have directly influenced the urinary system leading to POUR. Although it did not reach statistical significance, POUR patients' mean hospital stay was 3 days longer than those who did not have POUR. Additionally, 14.7% (5/34) of all patients with POUR had to have indwelling urinary catheters placed. The average period of catheterization was 8 days. Most of these patients went on to specialized treatment by an urologist, and one of them developed a urinary tract infection. Thus, POUR may increase the morbidity rate, hospital stay and economic burden for the patients. To avoid adverse outcomes like these in clinical practice, a commonly accepted system that could standardize the selection of patients who need more careful observation for potential bladder dysfunction is required. Therefore, we developed an aggregate score to stratify the risk of POUR in thoracic surgery patients. From the results of this analysis, two risk classes were identified. It was readily apparent that patients in Class A had a lower risk of POUR, whereas patients in Class B had a higher risk of POUR (Table 4) . Patients in Class B need more aggressive management to prevent bladder overdistension. In these high-risk patients, POUR-associated urinary complications may be prevented by aggressive strategies like the intraoperative placement of indwelling urinary catheter and maintenance for about 24 h postoperatively [22] , or the prophylactic therapy with α-blocker in older men [23] , or more frequent assessments of bladder volume by ultrasound at a short interval. This risk stratification system may therefore have a positive clinical and economic impact, reducing the incidence of postoperative urinary complications and hospital stay.
There are some potential limitations in this study. First, because we excluded patients who underwent intraoperative indwelling urinary catheterization, our cohort is mainly composed of patients who underwent relatively minor thoracic surgery, and is not representative of all thoracic surgery patients. Thus, the scoring system that we suggest cannot tell which of the patients who underwent intraoperative catheterization will be at higher risk of POUR. However, because intraoperative catheterization in itself may affect POUR by causing urethral trauma, prostatitis and patient discomfort [4, 5] , and has the potential to bias the study population, it does not seem to be appropriate to analyse both groups (with or without intraoperative catheter) together. Thus, the risk analysis in the intraoperative-catheter group, which is beyond the scope of this study, should be performed separately. Despite this limitation, with the increase in the number of patients who undergo fast-track and minimally invasive thoracic surgical procedures, the data from our cohort can provide valuable information for perioperative management of these patients. Secondly, because our cohort consists of patients who were selected based on our strict preoperative protocol for POUR, our work has a limitation to be applied directly to other units which have no specific protocols like ours. However, the definition of POUR itself is inevitably arbitrary for now, and every single paper published about POUR has adopted different protocols. Although it is not certain whether our strict protocol affected the incidence of POUR or not, we think it is helpful for detecting POUR early, and eventually preventing the adverse outcomes from POUR such as delayed discharge, potential risk of systemic infection from urinary catheterization and possible long-term bladder dysfunction, etc. Thus, the result of this study, including our protocol, can be a good reference and a starting point for future studies. Third relates to how lung resection may influence POUR. As mentioned previously, POUR may result from increased pain from the chest tube, not because of the procedure itself. However, this interpretation cannot be confirmed because we did not assess the patients' postoperative pain directly, though we saw an increase in the use of NSAIDs in the patients with chest tubes. In addition, although chest tube insertion was a significant factor in univariable analysis (Table 2) , the type of procedure was eventually the most powerful factor in multivariable analysis. Therefore, we cannot totally exclude the influence of other factors related directly to the lung resection procedure. With this in mind, future studies should be designed to take into account these factors; for example, by incorporating a pain scale or measuring the amount and/or duration of analgesics used by the patient. Finally, the scoring system in the present study was not validated in an independent patient sample. Although only reliable predictors, which were finally assessed by using a bootstrap resampling technique with 1000 samples, were used to contrast the final aggregate score, it should be emphasized that internal validity does not guarantee external validity. Future independent studies are needed to verify its applicability in other centres.
In our cohort, which mainly consists of minor thoracic surgery patients, 11.6% of patients suffered from POUR in their immediate postoperative period. The predictors of POUR were as follows: age over 40 years, male gender, history of DM and candidates for lung resection. The use of the developed scoring system may help in identifying those high-risk patients who need more aggressive management to prevent bladder overdistension and associated urinary complications. Given the potential impact of postoperative urinary retention (POUR) on morbidity and duration of hospital stay [1] [2] , I read with great interest Kim et al.'s paper on the risk factors for urinary retention following minor thoracic surgery [3] .
Of particular interest was the increased incidence of POUR in patients undergoing lung resection, a finding which has not been apparent in previous research [3] . Kim et al. attribute this to increased pain secondary to chest drain insertion, although they recognize that postoperative pain was not a specific outcome measure in their study [3] . We are informed that in their cohort, intravenous fluid was administered at a rate of 10 ml/h preoperatively. It seems relevant here to consider that increased perioperative fluid administration is a risk factor for lung injury following pulmonary resection [4] . In their randomized controlled trial on fluid management during videoassisted thoracoscopic surgery (VATS) for lung resection, Matot et al. conclude that intraoperative urinary output and postoperative renal function were not affected by fluid administration where Ringer's lactate was administered in the range of 2 to 8 ml/(kg · h) [5] . Particularly given that 76% of patients underwent VATS procedures in Kim et al.'s cohort [3] , arguably it would be interesting to know the composition of fluid administered, the patient's weight, and whether any individuals experienced pulmonary complications.
As Kim et al.'s paper highlights, recognition of the risk factors for POUR is vital in order to identify at-risk groups preoperatively, with a view to reducing patient burden both in terms of a prolonged postoperative recovery and the potential for long-term implications on quality of life [3] . With increasing numbers of patients undergoing minimally invasive thoracic procedures, this paper provides a valuable contribution to the literature. Comparing these findings with patient outcomes following major and emergency thoracic surgery is recognized by the authors as an area for further research [3] .
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